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FOREWORD: This report presents the results of the bioassay of 3,3'-
dimethoxybenzidine~4 ,4'-diisocyanate conducted for the Carcinogenesis
Testing Program, Division of Cancer Cause and Prevention, National
Cancer Institute (NCI), National Institutes of Health, Bethesda,
Maryland. This is one of a series of experiments designed to deter-
mine whether selected chemicals have the capacity to produce cancer
in animals. Negative results, in which the test animals do not have
a significantly greater incidence of cancer than control animals, do
not necessarily mean the test chemical is not a carcinogen because
the experiments are conducted under a limited set of circumstances.
Positive results demonstrate that the test chemical is carcinogenic
for animals under the conditions of the test and indicate a potential
risk to man, The actual determination of the risk to man from animal
carcinogens requires a wider analysis.

CONTRIBUTORS: This bioassay of 3,3'-dimethoxybenzidine-4,4'-diiso-
cyanate was conducted by Litton Bionetics, Inc., Bethesda, Maryland,
initially under direct contract to the NCI and currently under a sub-
contract to Tracor Jitco, Inc., prime contractor for the NCI Carcino-
genesis Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. N. P. Page (1,2), Dr. E. K. Weisburger (1) and Dr. J. H.
Weisburger (1,3). The principal investigators for the contract were
Dr. F. M. Garner (4,5) and Dr. B. M. Ulland (4,5). Mr. S. Johnson
(4) was the coprincipal investigator for the contract. Animal treat
ment and observation were supervised by Mr. R. Cypher (4), Mr. D. S.
Howard (4) and Mr. H. D. Thornett (4); Mr. H. Paulin (4) analyzed
dosed feed mixtures. Ms. J. Blalock (4) was responsible for data
collection and assembly.

Histopathologic examinations were performed by Dr. B. C. Zook
(4) at Litton Bionetics, Inc., the pathology narratives were written
by Dr. B. C. Zook (4), and the diagnoses included in this report
represent the interpretation of this pathologist. Histopathology
findings and reports were reviewed by Dr. R. L. Schueler (6).
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Compilation of individual animal survival, pathology, and sum-
mary tables was performed by EG&G Mason Research Institute (7); the
statistical analysis was performed by Mr. W. W. Belew (8,9) and
Mr. R. M. Helfand (8), using methods selected for the Carcinogenesis
Testing Program by Dr. J. J. Gart (10).

This report was prepared at METREK, a Division of The MITRE Cor-
poration (8) under the direction of the NCI. Those responsible for
this report at METREK are the project coordinator, Dr. L. W. Thomas
(8), task leader Ms. P. Walker (8), senior biologist Mr. M. Morse
(8), biochemist Mr. S. C. Drill (8), chemist Dr. N. Zimmerman (8),
and technical editor Ms. P. A, Miller (8). The final report was
reviewad by members of the participating organizations.

The following other scientists at the National Cancer Institute
were responsible for evaluating the bioassay experiment, interpreting
the results, and reporting the findings: Dr. K. C. Chu (1), Dr. C.
Cueto, Jr. (1), Dr. J. F. Douglas (1), Dr. D. G. Goodman (1,11), Dr.
R. A. Griesemer (1), Dr. M. H. Levitt (1), Dr. H. A, Milman (1), Dr.
T. W, Orme (1), Dr. R. A. Squire (1,12), Dr. S. F. Stinson (1), Dr.
J. M. Ward (1), and Dr. C. E. Whitmire (1).
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Prevention, National Cancer Institute, National Institutes of
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3. Now with the Naylor Dana Institute for Disease Prevention, Amer-
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SUMMARY

A bioassay for the possible carcinogericity of 3,3'-dimethoxy-
benzidine-4,4'~-diisocyanate was conducted using Fischer 344 rats and
B6C3Fl mice. 3,3'-Dimethoxybenzidine-4,4'~diisocyanate was adminis-
tered, at either of two concentrations, to groups of 50 male and 50
female animals of each species, with the exception of 49 high dose
female rats. The compound was administered in the feed with the ex-
ception of the first 22 weeks of the rat bioassay, when it was ad-
ministered by gavage. Twenty animals of each sex and species were
placed on test as controls. During intubation the high and low dos-
ages of 3,3'~dimethoxybenzidine~4,4'-diisocyanate administered to
rats were 3000 and 1500 mg/kg, respectively, while the high and low
concentrations administered in the feed to both rats and mice were
44,000 and 22,000 ppm, respectively. The compound was administered
for a period of 78 weeks, followed by an observation period of 26
weeks for rats and 25 weeks for mice. :

There was a significant positive association beiween the admin-
istration of 3,3'-dimethoxybenzidine-4,4'-diisocyanate and wortality
in male and female rats, but not in male or female mice. Adequate
numbers of animals in all groups survived sufficiently lcng to be at
risk from late-developing tumors.

For both sexes of rats, there was a significant positive asso-
ciation between dosage and the incidence of leukemia and malignant
lymphoma. There was a significantly higher incidence of neoplasms
of the skin, excluding skin of the ear, when dosed wmaie rats were
compared to controls. There was a significant positive association
between the dosages administered and the incidences of endometrial
stromal polyps in female rats. None of the statistical tests for
any site in male or female mice indicated a signifi.aat positive
association between compound administration and tumor incidence.

Under the conditions of this bioassay, administration of 3,3'-
dimethoxybenzidine-4,4'~diisocyanate was carcinogenic to Fischer 344
rats, causing neoplasms of the skin (excluding skin of the ear) in
males, endometrial stromal polyps in females, and leukemia and malig-
nant lymphoma in both sexes. The compound was also associated with
the development of a combination of squamous-cell carcinomas and
sebaceous adenocarcinomas of the Zymbal's gland and skin of the ear
in rats of both sexes. There was no evidence for the carcinogenicity
of the compound in B6C3Fl mice. ’
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I. INTRODUCTION

3,3'-Dimethoxybenzidine~4,4"'-diisocyanate (Figure 1) (NCI No.
C02175), a dimer of o~anisidine isocyanate, was selected for bioassay
by the National Cancer Institute because of the structural similarity
of this compound to 3,3'-dimethoxybenzidine, a carcinogen in Fischer
rats (Hadidian et al., 1968).

The Chemical Abstracts Service (CAS) Ninth Collective Index (1977)

name for this compound is 4,4'-diisocyanato-3,3'-dimethoxy-1,1"'-bi~
phenyl.* It is also called dianisidine diisocyvanate; isocyanic acid
3,3'-dimethoxy-4,4'-biphenylene ester; &4,4'-diisocyanato—3,3'-dime~
thoxybiphenyl; 3,3'-dimethoxybiphenylene~4,4'-diisocyanate; 3,3'-dime-
thoxy-4,4'-biphenyl diisocyanate; and 3,3'-dimethoxy-4,4'-biphenylene
diisocyanate.

Several patents have been issued or applied for describing poten-
tial uses of 3,3'-dimethoxybenzidine-4,4'-diisocyanate. These include
synthesis of shock-absorbing polyurea-polyurethanes, which can be used
in réilway car couplers (Chung, 1975); in situ manufacture of polyure-
thane gaskets and seals for metal pail and drum covers, aerosol mount-
ing cups, and metal bottoms of fiber drums (Grace, 1974); synthesis of
heat stable thermoplastic urethane rubbers, useful as gaskets, seals,
O-rings, and wire coatings (Bonk and Shah, 1975); formulation of pho-

tocurable triazine-containing polyene-polythiol lacquers for steel

*
The CAS registry number is 91-93-0.
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cans (Guthrie and Rendulic, 1975); and manufacture of abrasion-
resistant antireflection coatings for color photographs (Chiklis,
1975); however, these uses appear to be purely experimental.

Specific production data for 3,3'~dimethoxybenzidine-4,4'-diiso~
cyanate are not available; however, exclusion of this compound from

the 1977 Directory of Chemical Producers, U.S.A. (Stanford Research

Institute, 1977) implies that it is not currently produced in commer-
cial quantities (in excess of 1000 pounds or $1000 in value annually)
in the United States.

The potential for exposure to 3,3'-dimethoxybenzidine-4,4'-diiso-
cyanate is limited to researchers, particularly those involved in the

experimental synthesis of elastomers and polymeric coatings.



II. MATERIALS AND METHODS

A. Chemicals

3,3'-Dimethoxybenzidine-4,4'-diisocyanate was purchased from
Upjohn Company, Kalamazoo, Michigan. Chemical analysis was performed
by Litton Bionetics, Inc., Kensington, Maryland. The experimentally
determined range in melting point was 113° to 116°C. No literature
value was found for comparison. Thin-layer chromatography (TLC) was
performed utilizing two solvent systems (i.e., anhydrous acetone and
ethyl acetate). Each plate was visualized with visible and ultra-
violet light, iodine vapor, and ferricyanide-nitroprusside spray.

The plate developed with acetone showed one contaminant that was less
motile than the major spot, while the plate developed with ethyl ace-
tate revealed two contaminants, one of lesser and one of greater mo-

tility than the major spot. The results of infrared (IR) and nuclear
magnetic resonance (NMR) analyses were consistent with those expected
based on the structure of the compound. Ultraviolet/visible (UV/VIS)
spectrophotometry showed )\max at 310 and 285 nm with respective molar
extinction coefficients of 2.55 x lO4 and 1.87 x 104.

A second batch of the compound was purchased approximately 1.5
years later from the same manufacturer. The experimentally determined
range in melting point was 109.3° to 111.3°C. TLC was performed as
with the first batch. One impurity that was less motile than the
major spot was observed on each plate. The results of IR and NMR

analyses were consistent with those expected based on the structure
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of the compound. UV/VIS analysis revealed xmax at 307 and 280 nm
with respective molar extinction coefficients of 2,33 x lO4 and
1.67 x 104.

Throughout this report the term 3,3'~dimethoxybenzidine-4,4'-

diisocyanate is used to represent this material.

B. Dosage Preparation

Fresh solutions of 3,3'-dimethoxybenzidine-4,4'-diisocyanate in
steroid suspending vehicle* (Litton Bionetics, Inc., Kensington, Mary-
land) were prepared on each day that intubation was performed. Excess
portions of the mixtures were disposed of rather than stored. The
concentration of 3,3'-dimethoxybenzidine-4,4'~diisocyanate in steroid
suspending vehicle ranged from 15 to 30 percent.

C. Dietary Preparation

The basal laboratory diet for both dosed and control animals
consisted of Wayne Lab-BloxC)(Allied Mills, Inc., Chicago, Illinois).
3,3'-Dimethoxybenzidine~4,4'-diisocyanate was administered to the
dosed mice as a component of the diet throughout the period of chemi-
cal administration, while it was administered to rats as a component
of the diet beginning with week 23 and continuing for the duration
of compound administration. (Rats were intubated with the chemical

for the first 22 weeks of the bioassay.)

*
Steroid suspending vehicle = 9 gm NaCl, 5 gm carboxymethylcellulose,

=4 ml polysorbate 80, and 9 ml benzyl alcohol q.s. to 1 liter with
distilled water.



The chemical was removed from its container and a proper amount
was blended with an aliquot of the ground feed using a mortar and
pestle. Once visual homogeneity was attained, the mixture was placed
in a 6 kg capacity Patterson-Kelley standard model twin-shell stain-
less steel V-blender along with the remainder of the feed to be pre-
pared; After 20 minutes of blending, the mixtures were placed in
double plastic bags and stored in the dark at 4°C. The mixture was
prepared once weekly.

Dosed feed preparations containing 23,000 and 46,000 ppm of 3,3'-
dimethoxybenzidine~4,4'~diisocyanate were analyzed spectrophotometri-
cally. The mean result immediately after preparation was 95.2 + 4.2
percent of theoretical, including correction for the analytical method
of recovery used. After ten days, at ambient room temperature, the
mean result was 100.3 + 4.4 percent of theoretical, including correc-
tion for the analytical method of recovery used.

D. Animals

Two animal epecies, rats and mice, were used in the carcinogeni-
city bioassay. Fischer 344 rats and B6C3F]l mice were obtained through
contracts of the Division of Cancer Treatment, National Cancer Insti-
tute. Rats were supplied by A. R. Schmidt, Madison, Wisconsin, and
Charles River Breeding Laboratories, Inc., Wilmington, Massachusetts,

All mice were supplied by Charles River Breeding Laboratories, Inc.



Rats and mice were approximately 4 weeks old when received. Upon
receipt, animals were examined for visible signs of disease or para-
sites. Obviously ill or runted animals were culled. The remaining
animals were quarantined for 2 weeks prior to initiation of test.
Animals which did not manifest clinical signs of disease were placed
on test at this time. Animals were assigned to groups and distributed
among cages so that the average body weight per cage was approximately
equal for a given species and sex.

E. Animal Maintenance

All animals were housed by species in temperature~ and humidity~
controlled rooms. The temperature range was 22° to 26°C and the
relative humidity was maintained between 45 and 55 percent. Incoming
air was filtered through HEPA filters (Flanders Filters, McLean, Vir-
ginia) at a rate of 12 to 15 complete changes of room air per hour.
Fluorescent lighting was provided 8 hours per day (9:00 a.m. to 5:00
Pema) .

All rats were housed four per cage by sex and all mice were housed
five per cage by sex. Throughout the study dosed and control animals
of both species were housed in polycarbonate cages (Lab Products, Inc.,
Gartielc, New Jersey) suspended from aluminum racks. Racks were
fitted with a continuous piece of stainless steel mesh over which a
sheet of filter paper was firmly secured. Filter paper was changed
at 2-week intervals, when the racks were sanitized. Clean cages and

®

bedding were provided twice weekly. Ab-sorb-dri~ hardwood chip



bedding (Wilner Wood Products Company, Norway, Maine) was used in
polycarbonate cages for the entire bioassay.

Acidulated water (pH 2.5) was supplied to animals in water bot-
tles filled by an automated metering device that was checked daily
for diluting accuracy. Water hottles were changed and washed twice
weekly, and sipper tubes were washed at weekly intervals. During the
period of chemical administration, dosed and control animals received
treated or untreated Wayne Lab-Bloxmeal as appropriate., The feed
was supplied in hanging stainless steel hoppers which were refilled
three times per week and sanitized weekly. Food and water were
available ad libitum for both species.

All dosed and control rats were housed in a room with other rats
receiving diets containing* N-pheny;-pjphenylenediamine hydrochloride
(2198-59-6); acetylaminofluorene {53-96~-3); and nitrilotriacetic acid
(139-13-9).

All dosed and control mice were housed in a room with mice re-
ceiving diets containing EDTA trisodium salt (150-38-9); diaminczide
(1596-84-5); N,N'-diethylthicurea (iN5-55-5); triphenyltin hydroxide
(76-87-9); carbromal (75-65-6); p-quinone dioxime (105-11-3); 4-amino-
2-nitrophenol (119-34-6); other mice intubated with lithocholic acid

(434-13-9); and other mice receiving I.P. injections of methiodol

sodium (126-31-8).

* . -
CAS registry numbers are given in parentheses.



F. Selection of Initial Concentrations

In order to establish the maximum tolerated concentrations of
3,3'-dimethoxybenzidine~4,4'-diisocyanate for administration to dosed
animals in the chronic study, subchronic toxicity tests were conducted
with both rats and mice. Animals of each species were distributed
among six groups, each consisting of five males and five females.
3,3'-Dimethoxybenzidine-~4,4'~diisocyanate mixed with distilled water
was introduced by gavage to five of the six rat groups at dosages of
800, 1260, 2000, 3160, and 5000 mg/kg and to five of the six mouse
groups at dosages of 215, 464, 1000, 2150, and 4640 mg/kg. The sixth
group of each species served as a control, receiving only steroid
suspending vehicle by gavage. Intubation was performed five times
per week for 4 weeks, followed by a 2-week observation period to
detect any delayed toxicity. Individual body weights were recorded
weekly. At the end of the observation period, all survivors were
sacrificed and necropsied.

At the end of the subchronic test, mean body weight gain among
male rats dosed with 2000 mg/kg was 1 percent greater than the mean
body weight gain of their controls, while female rats receiving the
same dosage displayed a mean body weight gain 4 percent less than
that of their controls. At a dosage of 3160 mg/kg, the mean body
weight gain among male rats was 9 percent less than that of their
controls, while female rats receiving the same dosage displayed a

mean body weight gain 14 percent less than that of their controls.



The high concentration selected for administration to dosed rats in
the chronic bioassay was 3000 mg/kg.

At the end of the subchronic test, mean body weight gain among
male mice dosed with 4640 mg/kg was 4 percent less than the mean
body weight gain of their controls, while female mice receiving the
same dosage displayed a mean body weight gain 11 percent less than
that of their controls. The high concentration selected for admin-
istration to dosed mice in the chronic bioassay was 44,000 ppm
(equivalent to 7040 mg/kg, assuming an average food consumption of
4 grams/day and an average body weight of 25 grams).

G. Gastric Intubation

Intubation was performed for 5 consecutive days per week on a
mg/kg body weight basis, utilizing the most recently observed group
mean body weight as a guide for determining fhe dose. All rats
were weighed and dosages adjusted once monthly, based on group mean
body weight. Thus, although the ratio of dose to weight remained
constant, the total dosage administered fluctuated with an increase
or decrease in group mean body weight. Rats of each sex within a
dosed group received the same dosage.

H. Experimental Design

The experimental design parameters for the chronic study (spe-
cies, sex, group size, concentrations administered, duration of
treated and untreated observation periods, and the time-weighted

average concentrations) are summarized in Tables 1 and 2.
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TABLE 1

DESIGN SUMMARY FOR FISCHER 344 RATS
3,3'-DIMETHOXYBENZIDINE~4,4'~-DIISOCYANATE CHRONIC BIOASSAY

INITIAL OBSERVATION PERIOD
GROUP  3,3'-DIMETHOXYBENZIDINE- TREATED UNTREATED
SIZE 4 ,4'-DIISOCYANATE®:D  (WEEKS) (WEEKS)
MALE
VEHICLE CONTROLS 20 0 0 104
LOW DOSE 50 1,500: 22
22,000 56
0 26
HIGH DOSE 50 3,0003 22
44,000 56
0 26
FEMALE
VEHICLE CONTROL® 20 0 0 104
LOW DOSE 50 1,500§ 22
22,000 56
0 26
HIGH DOSE 49 3,000: 22
44,000 56
0 26

a . . . . .
Dosages, given in mg/kg body weight, were administered by gavage 5
consecutive days per week. These dosages (i.e., 3000 and 1500 mg/kg)
are equivalent to respective concentrations of 44,000 and 22,000 ppm
(assuming average daily food consumption and body weight).

b . . . g .
Concentrations given in parts per million in the feed.

CGavaged with steroid suspending vehicle for the first 22 weeks and
subsequently transferred to the basal laboratory diet.

11



TABLE 2

DESIGN SUMMARY FOR B6C3F1 MICE

3,3'-DIMETHOXYBENZIDINE-4,4'-DIISOCYANATE FEEDING EXPERIMENT

INITIAL 3,3'-DIMETHOXYBENZIDINE~ OBSERVATION PERIOD
GROUP 4,4'-DITSOCYANATE TREATED UNTREATED
SIZE CONCENTRAIIONa (WEEKS) (WEEKS)
MALE
CONTROL 20 0 0 103
LOW DOSE 50 22,000 78
0 25
HIGH DOSE 50 44,000 78
0 25
FEMALE
CONTROL 20 0 0 103
LOW DOSE 50 22,000 78
0 25
HIGH DOSE 50 44,000 78
0 25

a . . . . .
Concentrations given in parts per million.

12 .



The method of compound administration for the chronic bioassay
in rats, which was begun prior to the chronic bioassay in mice, was
initially intubation. Intubation was selected because it was be-
lieved that the compound was not stable in feed. After determina-
tion that the compound was stable in feed (as indicated on page 6)
the method of compound administration to rats was changed to dietary
and the mouse bioassay was initiated using dietary administration.

All rats were approximately 6 weeks old at the time the test was
initiated and were placed on test simultaneously. The dosages ini-
tially administered to males and females were 3000 and 1500 mg/kg,
by gavage (equivalent to dietary concentrations of 44,000 and 22,000
ppm). Throughout this report those rats initially receiving the for-
mer dosage are referred to as the high dose groups and those initially
receiving the latter dosage are referred to as the low dose groups.
All dosed rats were administered 3,3'-dimethoxybenzidine 4,4'-diiso-
cyanate by gavage at the dosages indicated for 22 weeks. Beginning
in week 23, 3,3'-dimethoxybenzidine—4,4'-diisocyanate was mixed with
the feed and administered ad libitum in the diet. All dosed rats
were supplied feed containing 3,3'-dimethoxybenzidine-4,4'-diisocya~
nate for the remaining 56 weeks of compound administration. During
this 56-week period, the high and low concentrations administered
were 44,000 and 22,000 ppm, respectively. The dosed rats were
observed for a period of 26 weeks after compound administration

ceased.
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All mice were approximately 6 weeks old at the time the test was
initiated and were pluced on test simultaneously. The dietary con-
centrations of 3,3'-dimethoxybenzidine-4,4'-diisocyanate administered
to both sexes were 44,000 and 22,000 ppm. Throughout this report
those mice receiving the former concentration are referred to as the
high dose groups and those receiving the latter concentration are
referred to as the low dose groups. Dosed mice were supplied with
feed containing 3,3'~dimethoxybenzidine-4,4'-diisocyanate for 78
weeks followed by a 25-week observation period.

I. Clinical and Histopathologic Examinations

Aninals were weighed immediately prior to initiation of the ex-
periment. From the first day, all animals were inspected twice daily
for mortality. Food consumption data were collected at monthly inter-
vals from 20 percent of the animals in each group. Body weights of
rats were recorded once a week for the first 6 weeks, every 2 weeks
for the next 12 weeks, and once a month thereafter. Body weights of
mice were recorded once a week for the first 6 weeks, every 2 weeks
for the next 10 weeks and once a month for the remainder of the bio~
assay.

All moribund animals or animals that developed large, palpable
masses that jeopardized their health were sacrificed. A necropsy
was performed on each animal regardless of whether it died, wés sac-

rificed when moribund, or was sacrificed at the end of the bioassay.
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The animals were euthanized by carbon dioxide asphyxiation, and were
immediately necropsied. The histopathologic examination consisted of
gross and microscopic examination of all major tissues, organs, and
gross lesions taken from sacrificed animals and, whenever possible,
from animals found dead.

Tissues were preserved in a 10 percent neutral buffered formalin
solution, embedded in paraffin, sectioned, and stained with hematox-
ylin and eosin prior to microscopic examination.

Slides were prepared from the following tissues: skin, subcuta-
neous tissue, ear, lungs and bronchi, trachea, bone marrow, spleen,
lymph nodes, thymus, heart, salivary gland, liver, gallbladder (mice),
pancreas, esophagus, Zymbal's gland, stomach, small intestine, large
intestine, kidney, urinary bladder, pituitary, adrenal, thyroid,
parathyroid, testis, prostate, brain, uterus, mammary gland, and
ovary.

A few tissues were not examined for some animals, particularly
for those that died early. Also, some animals were missing, canni-
balized, or judged to be in such an advanced state of autolysis as to
preclude histopathologic interpretation. Thus, the number of animals
for which particular organs, tissues, or lesions were examined micro-
scopically varies and does not necessarily represent the number of
animals that were recorded in each group at the time that the test

was 1nitiated.
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J. Data Recording and Statistical Analyses

Pertinent data on this experiment have been recorded in an auto-
matic data processing system, the Carcinogenesis Bioassay Data System
(Linhart et al., 1974). The data elements include descriptive infor-
mation on the chemicals, animals, experimental design, clinical ob-
servations, survival, body weight, and individual pathologic results,
as recommended by the International Union Against Cancer (Berenblum,
1969). Data tables were generated for verification of data transcrip-—
tion and for statistical review.

These data were analyzed using the statistical techniques de-
scribed in this section. Those analyses of the experimental results
that bear on the possibility of carcinogenicity are discussed in the
statistical narrative sections.

Probabilities of survival were estimated by the product-limit
procedure of Kaplan and Meier (1958) and are presented in this report
in the form of graphs. Animals were statistically censored as of the
time that they died of other than natural causes or were found to be
missing; animals dying from natural causes were not statistically
censored. Statistical analyses for a possible dose-related effect
on survival used the method of Cox (1972) when testing two groups for
equality and used Tarone's (1975) extensions of Cox's methods when
testing a dose-related trend. One-tailed P-values have been repérted
for all tests except the departure from linearity test, which is only

reported when its two-tailed P-value is less than 0.05.
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The incidence of neoplastic or nonneoplastic lesions has been
given as the ratio of the number of animals bearing such lesions at a
specific anatomic site (numerator) to the number of animals in which
that site was examined (denominator). In most instances, the denomi-
nators included only those animals for which thét.;ite was examined
histologically. However, when macroscopic examination was required
to detect lesions prior to histologic sampling (e.g., skin or mammary
tumors), or when lesions could have appeared at multiple sites (e.g.,
lymphomas), the denominators consist of the numbers of animals necrop-
sied.

The purpose of the statistical analyses of tumor incidence is to
determine whether animals receiving the test chemical developed a sig-
nificantly higher proportion of tumors than did the control animals.
As a part of these analyses, the one-tailed Fisher exact test (Cox,
1970, pp. 48-52) was used to compare the tumor incidence of a control
group to that of a group of treated animals at each dose level. When
results for a number of treated groups, k, are compared simultaneously
with those for a control group, a correction to ensure an overall
significance level of (0.05 may be made. The Bonferroni inequality
(Miller, 1966, pp. 6-10) requires that the P-value for any comparison
be less than or equal to 0.05/k. in céées where this correction was
used, it is discussed in the narrative section., It is not, however,

presented in the tables, where the Fisher exact P-values are shown.



The Cochran-Armitage test for linear trend in proportions, with
continuity correction (Armitage, 1971, pp. 362-365), was also used
when appropriate. Under the assumption of a linear trend, this test
determined if the slope of the dose-response curve is different from
zero at the one-tailed 0.05 level of significance. Unless otherwise
noted, the direction of the significant trend was a positive dose re-
lationship. This method also provides a two~tailed test of departure
from linear trend.

A time-adjusted analysis was applied when numerous early deaths
resulted from causes that were not associated with the formation of
tumors. In this analysis, deaths that occurred before the first
tumor was observed were excluded by basing the statistical tests on
animals that survived at least 52 weeks, unless a tumor was found at
the anatomic site of interest before week 52. When such an early
tumor was found, comparisons were based exclusively on animals that
survived at least as long as the animal in which the first tumor was
found. Once this reduced set of data was obtained, the standard pro-
cedures for analyses of the incidence of tumors (Fisher exact tests,
Cocaran—Armitage tests, etc.) were followed.

Wher appropriate, life~table methods were used to analyze the
incidence of tumors. Curves of the proportions surviving without an
observed tumor were computed as in Saffiotti et al., (1972). The week
during which znimals died nat